PURPOSE Cancer screening programs have the potential of intended benefi cial effects, but they also inevitably have unintended harmful effects. In the case of screening mammography, the most frequent harm is a false-positive result. Prior efforts to measure their psychosocial consequences have been limited by shortterm follow-up, the use of generic survey instruments, and the lack of a relevant benchmark-women with breast cancer.
INTRODUCTION

S
creening for cancer has the potential for intended benefi cial effects, with the reduction on cancer mortality as the most important. 1 Inevitably, however, screening for cancer also has unintended harmful effects, primarily caused by the consequences of detecting inconsequential cancer and false-positive results. 1 For cancer screening, including screening mammography, this balance between benefi ts and harms is delicate. 2 Some women who attend mammography screening will avoid dying from breast cancer or receive less aggressive treatment. 3 Others will have a condition overdiagnosed or receive a false-positive test result (hereafter referred to as false positive), and thus have traumatic experiences and receive unnecessary testing and/or treatment. 3 The most frequent harm in breast screening is having a fi nding that is a false positive. The risk of having false positives differs greatly from one country to another. The cumulative risk in Europe and the United States of false positives in 10 screening rounds ranges from 20% to 60%.
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mammography. 11 The conclusion is that false positives have negative short-term psychosocial consequences, but the long-term psychosocial consequences are ambiguous. 12 Some studies show substantial negative psychosocial consequences, even 35 months after a false positive. 13 Others have found that the negative psychosocial impact disappears with time. [14] [15] [16] These surveys, however, were performed using inadequate measures. 12 The questionnaires used were generic and lacked content validity: the actual experiences of women with false positives, after they received additional examinations and were declared free of breast cancer, were not measured. 17 Focus-group interviews with women with false positives have revealed that the women's experiences during the critical period from being told the initial abnormal fi nding to the fi nal false-positive diagnosis are different from their experiences after the fi nal diagnosis. 17 A survey on psychosocial long-term consequences of false positives therefore needs to include a measure with 2 parts: a fi rst part that is completed at all the survey assessment points from the critical period encompassing the psychosocial consequences that are associated with a direct threat of breast cancer; and a second part that encompasses the long-term psychosocial changes experienced after the fi nal diagnostic result. 17 To our knowledge such a survey has never been conducted.
The aim of this study, performed among women with and without abnormal fi ndings on screening mammograms and who were and were not diagnosed with a subsequent breast cancer, was to measure the long-term psychosocial consequences of false-positive fi ndings on screening mammography for a 3-year follow-up period using a condition-specifi c questionnaire with high content validity and adequate psychometric properties.
METHODS
Study Population and Survey Administration
In Denmark all women aged 50 to 69 years are invited via public databases to biannual breast screening. 18 From June 3, 2004, to June 2, 2005, women with abnormal fi ndings from 2 of the publicly fi nanced screening mammography programs (Copenhagen and Funen) , accounting for about 20% of the total screened population, were consecutively recruited to participate in the study. 18 In the Copenhagen program approximately 10,000 women were screened of whom 230 were recalled for additional testing because of abnormal results 19 ; in the Funen program approximately 20,000 were screened and 360 recalled. 20 All women with an abnormal screening results were asked to participate in the survey when they attended the recall clinic. Those agreeing to participate completed part I of the Consequences of Screening in Breast Cancer (COS-BC) questionnaire 17, 21 before they had any additional examinations. For each participant with abnormal fi ndings on screening mammography, another 2 women with normal fi ndings who were screened the same day and at the same screening clinic as the woman with the abnormal result were mailed and asked to complete part I of the COS-BC questionnaire 1 week after receiving the letter reporting the normal result.
All recruited women were mailed and asked to complete the COS-BC questionnaire 17, 21, 22 at 4 followup time points: 1, 6, 18, and 36 months after their fi nal diagnosis (true or false positive) or their normal screening result. The women were asked to return the completed questionnaire in an enclosed stamped addressed envelope. A reminder was posted within 2 weeks.
Questionnaire
The COS-BC is a multidimensional condition-specifi c questionnaire, with 29 items in part I and 13 items in part II, measuring psychosocial consequences of abnormal and false-positive screening mammography. 17, 21, 22 In a previous qualitative study, the content validity of the measure was confi rmed by conducting focus group and individual interviews with women with false-positive fi ndings. 17, 22 Furthermore, the psychometric properties of the questionnaire were tested in previous cohort studies using the partial credit Rasch model for polytomous items. 21, 22 Part I encompasses 2 single items ("felt less attractive" and "busy to take my mind off things") and 6 scales measuring anxiety (6 items), sense of dejection (6 items), negative impact on behavior (7 items), sleep (4 items), sexuality (2 items), and degree of breast selfexamination (2 items). 21 All items in the 8 psychosocial outcomes in part I have 4 response categories: "not at all," "a bit," "quite a bit," and "a lot." The higher the score, the greater negative psychosocial consequences the person has experienced. 17, 21, 22 Part II of the COS-BC encompasses 4 scales designed to measure perceived changes as a result of mammographic screening: existential values (6 items: for example, "my thoughts about the future are more pessimistic/optimistic"; "my sense of well-being is less/ more"); impact on relationships within social network (3 items: for example, "my relationship with friends/ family is less/more close"; "my relationship with other people is worse/better"); feeling less or more relaxed/ calm (2 items); and being less or more anxious about breast cancer/"believing that I do not have having breast cancer" (2 items). 17, 22 All items in these scales have 5 response categories: "much less," "less," "the same as before," "more," and "much more."
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It is well known that a person's values and perceptions of life can change as a result of trauma and existential crisis. These changes can be interpreted by the individual as positive, negative, or a combination of both. Therefore, part II of the COS-BC requires a laterally reversed scoring system: a response to "the same as before" becomes a value of "no change;" a response to "less" or "more" becomes a value of "minor change;" and a response to "much less" or "much more" becomes a value of "major change." 17, 22, 23 The 4 sum-scores of part II refl ect the degree of changes in the 4 long-term psychosocial outcomes, respectively. A high score in part II denotes that the individual is highly psychosocially affected, irrespective of this experience being positive or negative. 22, 23 The items in the 10 scales of the COS-BC have been found invariant in relation to time by testing the items for differential item functioning. 24 Such testing ensures that repeated measurement in a longitudinal survey would be invariant, so that any change over time would be an actual change and not due to differential item functioning. 21, 22, 24 Apart from the 12 psychosocial outcomes in the COS-BC, information was obtained about age, employment status, social class, and whether the woman was living alone.
Statistics
If one or more items in a scale were not completed, or if a single item was not completed, then the scale or the single item was set as missing, and they were not included in the primary statistical analyses. In the 2-item scale of sexuality, the respondents could also reply "not applicable" to both items. If so, the responses from these respondents were also set to missing.
We analyzed the differences in baseline covariates between the 3 screening groups (true positive, false positive, and normal) using χ 2 tests for categorical variables and Wilcoxon signed rank test for continuous variables.
For each of the 10 scales and the 2 single items measuring psychosocial consequences, the developments of the mean score for each of the 3 screening groups over the follow-up time points were analyzed in linear regression models, both unadjusted and adjusted for the baseline covariates: living alone, employment status, social class, and (a quadratic function of) age. We used generalized estimating equations methods to account for repeated measurement on the same individual. 25 To adjust for possible bias resulting from differential dropout from the study, the scores available at each follow-up time point were weighted by the inverse of an estimate of the probability of this score being observed at that time point. 26, 27 These probabilities were estimated from the data in logistic regression models for the psychosocial outcome being missing, with the baseline covariates, the screening outcome groups, and the observed scores of the appropriate psychosocial outcome from previous visits as independent variables.
A statistical signifi cance level of P <.01 was used to avoid type 1 error caused by multiplicity.
The study was approved by the Danish Data Protection Agency, 2007-41-0777. An approval from the ethics committee was not required.
RESULTS
Participation in the study and the distribution of screening results and fi nal diagnosis among the participants and these women's response rates are displayed in Figure 1 . One hundred thirty-six (23.1%) women with abnormal fi ndings did not participate in the study, mostly because of lack of invitation caused by sick leave and holiday among the clinic staff, but some women refused to participate. Eight of the 454 participants with abnormal fi ndings were excluded; 3 because they had cancers other than breast cancer diagnosed, and 5 because their fi nal diagnosis after an abnormal screening mammography was unknown.
We found no signifi cant differences between the 3 screening groups in relation to social status, employment, and whether they lived alone ( Table 1) . The signifi cant differences in relation to age-group were expected: the younger the woman, the greater the possibility for false positives because of denser breast tissue; the older the woman, the greater the possibility of a diagnosis of breast cancer because of the natural history of the disease. Figure 2 shows the mean score of each of the 8 psychosocial outcomes in part I of the COS-BC for the 3 screening groups at each measurement period. Figure  3 shows the mean score of each of the 4 psychosocial outcomes in part II. The patterns of development of the mean outcomes are seen to be similar among all 12 psychosocial outcomes after the critical period from learning the initial fi nding to the fi nal diagnosis. Table 2 shows the mean differences in the 12 outcomes, adjusted for baseline covariates, between the 3 screening groups at each measurement round.
The women having abnormal screening mammography fi ndings in the critical period before a fi nal diagnosis (0 months) reported greater negative psychosocial consequences for all 8 outcomes compared with those women with normal fi ndings. Also, in the short term (1 month) after the fi nal diagnosis, the women who had false positives reported statistically greater negative consequences in the same 8 
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psychosocial outcomes compared with the women who had normal fi ndings; at the same time, however, they reported signifi cantly less-negative consequences than women with breast cancer. In the long term (6, 18, and 36 months), women with breast cancer experienced greater negative psychosocial consequences than women with false positives, who in turn experienced greater negative psychosocial consequences than women with normal fi ndings. The difference throughout follow-up in psychosocial outcomes between women with false positives and women with normal results generally declined. In all 4 scales of part II, the women with false positives reported signifi cantly greater negative consequences than women with normal results in the short term (1 month). In the long-term (6, 18, and 36 months), the score tendency seen in part I persisted in part II. Women with breast cancer experienced greater negative changes in psychosocial consequences than women with false positives, who again experienced greater negative changes than women with normal fi ndings. In the 2 scales regarding inner calm and existential values, however, there was no statistically signifi cant difference between women with false positives and those with breast cancer up to 6 months' follow-up.
DISCUSSION
Having a false positive is not harmless and causes undesirable outcomes in the long run. For a period of 3 years after being declared free of suspected cancer, women with false positives consistently reported greater negative psychosocial consequences compared with women with normal fi ndings.
The pattern of the 12 psychosocial outcomes in this prospective longitudinal study was consistent. At the time of screening and at 1, 6, and 18 months after screening and fi nal diagnosis, there were, in general, signifi cant differences between the 3 screening groups: normal, false-positive, and true-positive results. Women with breast cancer experienced greater negative psychosocial consequences than women with false-positive fi ndings, and these women experienced greater negative psychosocial consequences than Note: The correlation between repeated measures on the same woman is controlled for by generalized estimating equations (GEE) methods.
a The mean difference Δ should be interpreted as the mean score in the group after the arrow minus the mean score in the group before the arrow shown in column marked Difference. 
Follow-up Time
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women with normal fi ndings. The differences between these 3 groups diminished at the 36-month assessment, although with the same pattern as at the 1-, 6-, and 18-month assessments. The consistent pattern in the 12 psychosocial outcomes indicated that the negative psychosocial consequences assessed with part I of the COS-BC and the long-term consequences assessed with part II measure the same overall construct: psychosocial consequences of breast screening. The sum scores refl ecting changes in part II can therefore be seen as measuring negative psychosocial consequences as well. This fi nding confi rms complex theories behind people's reactions to trauma, which for some individuals can in the long term be followed by positive reactions. Such positive reactions reported by women with false-positives, however, are not a benefi t of screening, "since fi rst the fear, then the relief, are induced by the same screening." 28 Part II was developed in particular to measure the long-term consequences of false-positive cancer screening results. 17, 22, 23 Our fi ndings from this part imply that the degree of change in inner calmness and existential values within the fi rst half-year after fi nal diagnosis were just as great for women with breast cancer as for women receiving false-positive fi ndings. Furthermore, the changes in existential values within 3 years were still greater for those having false positives compared with those with normal fi ndings.
Brett and Austoker also found that 35 months after a false-positive fi nding, women still reported negative psychosocial consequences measured with the Psychological Consequences Questionnaire (PCQ). 13 Part I of the COS-BC is a further development of the PCQ, and the content of 18 of the 29 items in part I has been adapted from the PCQ. 17, 21, 22 In some of the scales and 1 of the single items in part I, a signifi cant difference was found between women with false-positive and those with normal fi ndings at the 36-month assessment. Such was not the case in some of the other scales and the other single item. When Brett and Austoker conducted their study in the United Kingdom, women were offered triennial breast screening. Thus, their 35-month assessment was just 1 month before the next screening. Studies have shown that some women reported negative psychosocial consequences simply as a result of receiving an invitation to breast screening. 29 In Denmark women are offered biennial breast screening. Thus, the 36-month assessment in the present study is 1 year before and 1 year after the women are offered screening. A limitation, therefore, was that most women with normal and false-positive fi ndings included in this study were offered a repeated breast screening at 24 months. By placing the 36-month assessment as far away as possible from subsequent invitations to breast screening, however, we might have minimized the contamination from an approaching invitation to screening. This design could be regarded as a viable strength in this study, and it could explain some of the difference in the results we measured with part I and the results found by Brett and Austoker. 13 Another limitation of this study was that it was not possible to obtain the exact numbers of women who were not invited or who refused to participate in the survey at the recall clinics, even though the 2 screening centers were asked to collect these data. 19 The centers reported that very few women refused to participate among those with abnormal fi ndings. The main reason of refusal was that the women were too scared as a result of the abnormal screening result. We might therefore have underestimated the negative psychosocial consequences for those women with breast cancer and false positives.
A particular strength of the present study was that women with breast cancer were included in the survey. Thus it was possible over 3 years to compare psychosocial outcomes, not only between women having normal and false-positive fi ndings, but also between women with false positives and women with breast cancer. We did not record family or friends' history of breast cancer and previous experience with screening mammography, which are possible confounders. Because the lifetime risk for breast cancer in Denmark is 1 in 10, however, all women have relatives or friends with the diagnosis of breast cancer. Furthermore, the greater the age, the greater the probability is of women having previous experience with breast screening and having relatives or friends with breast cancer. We have adjusted for age as a possible confounder and thereby also indirectly adjusted for previous experience with breast cancer and screening mammography.
Collecting questionnaire data under 2 different conditions may result in bias. All 446 women, including those having an abnormal mammography, completed the COS-BC at the recall clinic. At 1, 6, 18, and 36 months after fi nal diagnosis (true or false positive), the same women completed the questionnaire at home. Women with normal screening results completed the COS-BC at home only. Had some women completing the COS-BC at the recall clinic "smartened up" their answers to be polite, the negative short-term psychosocial consequences of an abnormal screening mammography would most likely be underestimated.
False-positive screening mammography causes longterm psychosocial harm. In a period of 3 years after being declared free of cancer suspicion, women with false positives consistently reported greater negative psychosocial consequences compared with women with normal fi ndings. The fi rst half-year after fi nal diagnosis, women with false positives reported changes just as great in existential values and inner calmness as women with breast cancer. Authors' contributions: John Brodersen contributed to the design, acquisition of data, drafting of the manuscript. Volkert D. Siersma contributed to the statistical analysis. Both authors participated in interpreting data, obtaining funding, critical revision, and fi nal approval of the submitted manuscript.
